INTRODUCTION 40
Campylobacter are the most commonly isolated bacterial enteric pathogens in the developed and 41 developing countries (1). Campylobacter jejuni is the predominant cause of campylobacteriosis, which 42 is responsible for 93.4% of confirmed cases, whereas C. coli only accounts for 2.3% of outbreaks (2). 43
Acute diarrheal illness is the main clinical sign, but more severe complications such as Guillain-Barre´ 44 syndrome, reactive arthritis, and a range of extra-intestinal infections occur in some serious cases (3, 4) . 45
Macrolides and fluoroquinolones are normally considered to treat Campylobacter enteritis; however, 46 fluoroquinolones resistant Campylobacter has increased dramatically in many countries since the last 47 century and steady exist with high resistance (5-7). 48
Poultry is the major source of human infection, chicken constitutes the major reservoir for 49
Campylobacter and highlight the potential public health threat (8, 9) . In comparison with studies 50 involving chickens, ducks are the second largest poultry meat reservoir with a potential public health 51 risk but have remained largely uncharacterized. There is some evidence of an increased risk of 52
Campylobacter infection in humans associated with ducks (10). A UK study found that 2% of 53 campylobacteriosis outbreaks implicate duck meat (11), and a large outbreak of campylobacteriosis 54 was derived from duck products in the UK (12). Previous surveys indicate a high prevalence of 55
Campylobacter in domestic ducks and duck meat (11, 13) . Therefore, there is reason to suspect that 56 ducks are an important source of human campylobacteriosis that may be underestimated. An increase 57
in Campylobacter resistance, particularly to fluoroquinolones and macrolides, has also been found in 58 ducks (14-16). These findings indicate the potential risk of antibiotic-resistant Campylobacter 59 subsequently being transferred to humans by ducks. 60 Duck production increased from 79.0% to 82.9% between 2002 and 2011 in Asia (17) . In South 61 on October 2, 2017 by guest http://aem.asm.org/ Downloaded from 7 strains was determined against eight antimicrobial agents, and the results are presented in Table 1 . 128
Among the C. jejuni isolates, resistance to ciprofloxacin was the most common (40/46, 87.0%), 129 followed by tetracycline (39/46, 84.8%), and nalidixic acid (39/46, 84.8%). All C. coli strains were 130 resistant to ampicillin, and 88.9% (8/9) of the isolates were resistant to tetracycline. Bacterial resistance 131 to macrolides (azithromycin/erythromycin) was also determined and presented a resistance rate of 21.7% 132 and 33.3% for C. jejuni, and 33.3% and 33.3% for C. coli. 133
Except one strain of C. jejuni, which was susceptible to all eight antimicrobial agents, the other 55 134 strains of Campylobacter were resistant to at least one antimicrobial agent ( Table 2) . The results 135 indicate that 92.7% (51/55) of the strains were resistant to at least two antimicrobial agents, and the 136 most frequent multi-drug resistance patterns were ampicillin, ciprofloxacin, nalidixic acid, and 137 tetracycline. All C. coli isolates were multi-drug resistant. One isolate of C. jejuni and one C. coli 138 showed resistance to all eight antimicrobial agents tested in this study. 139 MLST. Twenty-eight different STs were identified among the samples; 20 STs for C. jejuni and 140 eight STs for C. coli, respectively (Table 3) . Three complexes, such as the ST-21 complex, the ST-45 141 complex and the ST-828 complex predominated and accounted for 60% of all isolates. The most 142 common of these was the ST-21 complex, with 17 isolates divided into three STs, followed by the 143 ST-45 complex represented by eight isolates of two STs, and the ST-828 complex with eight isolates 144 and seven STs. Forty-four of the isolates grouped into seven previously characterized CCs, whereas the 145 remaining 9 isolates had STs that were unassigned. Three new STs were identified in this study, but no 146 new allelic sequences were found for any of the housekeeping genes, and all of the new STs resulted 147 from new combinations of alleles described previously. A total of 73 alleles were identified across all 148 seven loci, ranging from seven alleles at glyA to 15 at gltA. Ducks and their products are commonly consumed in the modern Asian diet, but less information is 152 available about Campylobacter from ducks. Therefore, the objective of this study was to determine the 153 prevalence of Campylobacter infection in ducks from South Korea. Campylobacter was isolated from 154 96.6% of the duck cloacal samples, and such a high isolation rate of Campylobacter from ducks has 155 been reported previously (13, 16) . The present isolation rate was much higher than that from chicken 156 flocks in China and Japan, with isolation rates of 77.7 % and 47. 2%, respectively (26, 27) . Differences 157 in avian species, temperature, moisture, and feed model may have influenced the prevalence of 158
Campylobacter (28, 29) . 159 C. jejuni is typically identified as the most prevalent species on commercial duck farms among the 160 scarce Campylobacter studies in domestic ducks (13, 14) , and our results were consistent with these 161 findings, as 82.1% of the isolates were identified as C. jejuni. We found a high prevalence of 88.9% 162 Campylobacter in ducks < 1-week-of-age. A similar result has been reported with 100% of ducks 163
contaminated with Campylobacter at 8-days-age (30). This result was different from chickens in which 164
Campylobacter is almost not detected in animals < 2-weeks-of-age (31). The reason for the early 165
Campylobacter colonization in ducks is unclear. While evidence exists in chickens (32), maternal 166 antibody resistance to Campylobacter colonization is unknown in ducks. Other studies have reported 167 that different life cycles and high environmental contamination may explain the early colonization (13, 168 33), or ducks may be a prime host compared to that of chickens (34). 169
Antibiotic resistance, particularly multi-drug resistance, is a public health problem. In our study, (17.4-76%) to ciprofloxacin has been reported in other areas (14, 16, 36) . Over 90% C. jejuni 179 resistance to nalidixic acid was reported recently in Vietnam (15) . Similarly, C. coli with high 180 resistance to fluoroquinolone had been found in Iran, UK, Malaysia, and Vietnam with resistance rates 181 from less than 20% to 100% (11, 14, 15, 36) . The high fluoroquinolone-resistance of Campylobacter in 182 our study may be attributed to the widespread use of fluoroquinolones in poultry production in South 183 Korea before July 2010 (37). Additionally, one study showed that fluoroquinolone-resistant 184
Campylobacter continues to persist even after removing the selection pressure (38). Moreover, 185 fluoroquinolone-resistant strains enhance the fitness of susceptible strains with no antibiotic selection 186 pressure (39). An unexpected result was that two strains of C. jejuni and one strain of C. coli were 187 resistant to a second-generation quinolone (ciprofloxacin) but was susceptible to a first-generation 188 quinolone (nalidixic acid). The same pattern has been reported in C. jejuni and C. coli from swine (40), 189 but the mechanism of resistance to ciprofloxacin and susceptibility to nalidixic acid is unknown. It is 190 well established that point mutations in gyrA can confer resistance to both ciprofloxacin and nalidixic 191 acid, or nalidixic acid alone (41). Other reports show that ciprofloxacin resistance is not inevitable with Comparing with previous studies, the ST-21 from our study was first large found in ducks (13, 15) . 
